Traffic queue formed when a stochastic vehicle stream is interrupted by a single duration of blockage, or of red signal, is analysed. It is assumed that the delayed vehicles depart with constant intervals when the interruption is terminated.
has been given explicitly even with a Poisson stream. As for the approximated mean delay with constant departure headways, the expressions were obtained by Webster [9] with a Poisson stream, by Miller [5] and Newell [7] respectively with the general input stream. Recently, Allsop [1] reviewed nearly forty works on this problem.
The case of non-cyclic signal, that :lS the case where a stochastic vehicle stream is interrupted by a single duration of red signal, was analysed by Buckley and Wheeler [2] . They found the probability distribution of the number of delayed vehicles for a Poisson input and gave the formal representation of expected delay. Though this case is rather simple, it is worthy to be investigated. Because the expressions for quantities in this case are, if acquired, the limiting solutions for cyclic signal at low traffic density.
Furthermore, at any density the queue at a cyclic red period consists of two components; the overflow which is the residue of queue in the preceding red period and the queue newly formed in the period. And the latter is regarded as the queue caused by a single interrupLon:
In this paper, adopting the model used by Buckley 
Model
We consider the situation where a stochastic vehicle flow on a single lane road is interrupted by a single duration r of blockage. This blockage causes N vehicles to be stopped a total delay W. When the interruption terminates, delayed vehicles start one after another with constant velocity which is equal to that on the approach. And they pass through a point, where the interruption arose, at constant time separation C. After the all delayed vehicles have departed and the queue has been exhausted for the first time, no queueing occurs.
The interarrival time between the (n·-1)th and the nth vehicles on the approach is represented by mutually independent random variable X n , with mean ]..l and variance (j2. The variable Xn is assumed to be identically distributed for all n. As for Xl, the time interval from the commencement of interruption till the first arrival of vehicle, this assumption is inevitable only for a Poisson input. The influence of this initial condition of blockage will be clarified in section 3.4, where a reasonable distribution for Xl is assumed and the bounds on expected queue length are given.
The model stated above is the same one as Buckley and Wheeler's. In 
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Introducing the new random variable Y n and it's partial sum Sn, we rewrite equation (3.1) as (3.3) where (3.4) (3.5)
It should be noticed that, if the interarrival time is restricted to be larger Equation (3.3) shows that Nf is the first step at which the partial sum of mutually independent random variables exceeds the barrier at P-o. This type of problem was fully analysed in sequential analysis or in random walks.
And it is known, [6] , [8] where If trans formed to customary represent ation in references, the results are In the transformation, the asymptotic relation I=o2/~2 for large I' was used.
For a Poisson input this relation holds exactly, then the rigorousness was conserved.
Probability Distribution of N
The probability Pn= PI'{N=n} may be derived from (3.11) if ~(8) is known. For the general input flow. the approximated Pn may be induced with the same procedure. But in general. it is not easy to obtain it explicitly.
Bounds on E[N]
The upper and lower bounds on E[N] wi 11 be discussed in consideration of initial condition of interruption. 
where ca is the coefficient of variation of interarriva1 time.
To obtain the upper bound, it needs some assumption on the tail distribution of Xi. Here we consider the y-MRLA ani va1 flow defined by
as was done by Marshal! [4] 
We can obtain the E[WmJ adding above equation over n=1, 2, 3,·.·, m and using the relation
which follows from (3.10) for ~ >8.
Then we have for
The expected total delay is given by 00
E[W]
;'1 E[~mJ In the customary representation, the delay (4.4) is given by
The parameters q, s and I were defined in section 3.2. The first term of (4.5) or (4.6), which is equivalent to Clayton's expression for mean delay at 8 fixed-cycle traffic signal, is regarded as the contribution from the regulari ty of input flow. The second term may be considered to be the effect of fluctuation of input. The similar term is presented in
Miller's and also in Newell's expression for mean delay, but in the latter without derivation.
Discussion
The method and results given in this paper are not sensitive to the details of model. Here, several aspects of the insensitivity will bt discussed.
Firstly, as was seen already, the influence of initial condition of blockage or of the first idle time was not essential insofar as r is large compared wi th~. Next, the ending condition for queueing, equation ( An accidental interruption for a traffic stream due to a pedestriancrossing or a vehicle-crossing at minor-major intersection is fully describrd by this model, as was stated in [2] . The results may be useful to measure the effect and relaxation time of such an interruption.
